With the aim of obtaining new antitumor drugs more active than previously described 5,8-quinazolinediones, a series of dimers of 5,8-quinazolinediones linked in the 4-position by a simple or a substituted 7,w-diaminopolymethylenic chain was studied. The structure-activity relationships of these compounds are discussed as functions of the length of the chain, presence or absence of other functional groups, nature of these functional groups, position of the chain and nature of the substituents in the 6 and(or) 7-positions. When bis(5,8-quinazolinediones) were substituted in the 6-position with a methoxyl group, the dimerization showed a variable effect on cytotoxicity toward L 1210 leukemia cells. Bis[4-amino-bis-6,7(1-aziridiny1)-5,8-quinazolinediones] which exhibited high cytotoxic activity (IC50 0.0037 to 0.018 pm) were further screened in vivo for activity against murine P388 leukemia. Antitumor activity was increased by the dimerization of the molecule. The most potent compound bears an additional tertiary amino function on the chain.
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Fremy's salt; heterocyclic quinone; 5,8-quinazolinedione Streptonigrin (1) exhibited broad spectrum inhibition of various tumors but was very toxic.
2) The principal functionality responsible for its activity seemed to be the 5,8-quinolinedione moiety. According to Lown and Sim,3) single-strand cleavage of covalently closed circular deoxyribonucleic acid (DNA) was due to OH free radicals generated from the reduced quinone function and oxygen.
In connection with our research on nitrogen heterocyclic quinones, we have previously described 6,7-bis(1-aziridinyl)-5,8-quinazolinedione (2a)4 which was very cytotoxic towards L1210 leukemia cells and active in vivo against P388 lymphocytic leukemia. It is well-known,5'6) in pharmacomodulation, that dimeric compounds are often more active than the initial compounds. The symmetrical dimerization of a ligand can indeed lead to a very large increase of its binding affinity for a receptor as shown, for example, by the dimers of daunomycins7) in which the dicarboxylic acid hydrazide functions are bridged by simple methylene chains of variable length, dimers of 9-aminoacridine joined via their amino group with a variable linking chain7) or dimers of pyridocarbazoles.5) In most cases, the relationship between the structure of the linking chain and the biological properties of these molecules is still unclear since DNA binding properties are not greatly influenced by the linker chain's length, flexibility or rigidity. However, in some cases, such as piperidyl-linked bispyridocarbazoles, the ligand rigidity is a determinant of sequence specificity, mechanism of bis-intercalation, and antitumor activity:7) or heterocyclic tertiary amino groups (compounds 12c and 12d respectively.")) The triamine suitable for the synthesis of 12c could be compared with polyamines such as spermidine, which have been reported to inhibit the growth of some animal tumors.16.17) The chain of 12d has been used in the synthesis of 7H-pyridocarbazole dimers.51 Compound 18 was prepared from N-(3-bromopropyl)phthalimide (15) and 4,4'-bipiperidine (16) . In compound 12c, the tertiary amino group was easily quaternarized by iodomethane to give 12g. Introduction of a tertiary amino group, which increases the basicity, and the presence of a quaternary ammonium function are two factors which can facilitate DNAbinding. We also used aliphatic or cyclic chain with ether functions (compounds 12e and 12f) in order to obtain more hydrophilic compounds. Use of diazacrown, compound 12f, was based on the ability of synthetic ionophores to complex various metal ions (alkali, alkaline earth, iron, etc.) and to facilitate their transport through biological membrane.")
To investigate if antitumor activity was caused by the presence of a diamino function in the 4 and 4'-positions of 5,8-quinazolinediones, we wanted to replace it by an a,w-diether chain in compound 20 (Chart 4). Unfortunately, the reaction of the chlorinated compound 8 with triethylene glycol (19a) or tetraethylene glycol (19b) in the presence of various bases (sodium hydride, silver(I) oxide, potassium carbonate) or in neutral medium yielded only 21 without any 20. The best result was obtained when potassium carbonate in acetone was used. Compound 21 did not react with 8 to give 20. '9) In the same way, we compared the cytotoxicity of bis(4-amino-quinazolinediones) with that of quinones (25) derived from bis(3-substituted-4(3H)-quinazolinone) (24). The quinone (25) was synthesized as indicated in Chart 5. It is well known20) that 4(3H)-quinazolinones can be alkylated by a halogenated derivative in an alkaline medium on the nitrogen in the 3-position. The 4(3H)-quinazolinone (7) was condensed with 1,8-dichloro-3,6-dioxaoctane (22) in the presence of sodium hydride to produce the bis-quinazoline (23) in 57% yield. The quinone (25) was obtained in 20% yield via the phenol (24) according to the above method. In this case, the phenol (24) was oxidized into 25 in weakly alkaline medium, and consequently dibasic sodium phosphate was to be used instead of monobasic potassium phosphate.
As Hodnett et al. showed21) that some benzoquinonimines are very active in vivo on murine sarcoma 180, we prepared the bis-quinonimine (27) in 73% yield by the reaction of N,N-dimethy1-1,4-benzenediamine (26) with the phenol (24) in the presence of silver chloride according to their method21 ) (Chart 5). On the other hand, preparation of the corresponding oxime by the same method21 ) could not be achieved.
Because of the ester-like properties of 12, the methoxyl group in the quinone nucleus was replaced by nucleophilic reagents. Aziridine was interesting because of its bioalkylating properties as seen in AZQ or NSC-l82986. 14d has not yet been isolated because of its instability. Reaction of aziridine with methoxyquinone (141) produced several inseparable compounds. The aziridinylquinones (14) had to be immediately purified by flash column chromatography. Often accurate elemental analysis could not be obtained because the quinones (14) solvated variable quantities of the purification solvents. However, infrared (IR) proton nuclear magnetic resonance (1H-NMR) and mass spectrum (MS) data were consistent with the assigned structures. For compound 14c, a (M + H) + peak was not found, but a peak at m/z 331 could be assigned to the ion (28). Such a fragmentation was also found for the analogous 6-methoxyquinone (12c) at m/z 279 beside the (M + H) + peak at m/z 522. 
